Abstract-In this paper, the shift-invariant complex directional filter and the experimental results are presented in section IV. We discuss bank (CDFB) is proposed for texture image retrieval. By combining the results and conclude the paper in section V. the Laplacian pyramid and the CDFB, a new image representation with an overcomplete ratio of less than 8/3 is obtained. The direction II. DIRECTIONAL FILTER BANKS subbands' coefficients are used to form a feature vector for classification. A Gabor Wavelets Texture retrieval performance of the proposed representation is compared to those of the conventional transforms including the Gabor wavelet, A generic two dimensional Gabor function and its Fourier transthe contourlet and the steerable pyramid. The overcomplete ratio of form are given by:
( 2 + 2) + 2wjW (1) pyramid and the contourlet, and is comparable to the Gabor wavelet in The image retrieval problem has recently become more important filter and W is the central frequency. To obtain a Gabor filter bank and necessary because of the rapid growth of multimedia databases with K orientations and S scales, this function is dilated and rotated and digital libraries. Different search engines use different features to as follows retrieve images. In this paper, directional features are used to classify gmri(x, y) = amg(x' '), (3) texture images through the mean of complex directional filter bank x am (xcosO + ysinO), ( 
4) (CDFB).
One of the approaches to texture feature extraction is the filter y a m(a snO + ycosO), (5) bank approach that decomposes a texture image into subbands where 0 nw/K, n = 1, 2.K, and m = 0,1.S-i. Given a using a linear transform or filter bank. In [1] , texture classification certain number of scales and orientations, the scaling factor a and performances of various methods are compared, and the conclusion bandwidths of the filters are chosen to ensure that the half-peak is that no method performs well in all kinds of textures. Several magnitude supports of the frequency responses touch each other as previous works extract texture features based on wavelet packet shown in Figure 1 (b). In [5] , the authors found that a Gabor filter signatures [2] and wavelet frames [3] . Although these methods allow bank with 4 scales and 6 orientations at each scale performed best. for a multiresolution decomposition, they are limited in directional In this case, the scaling factor a is 2. After decomposing an image, selectivity and not able to capture directional information. [14] or pyramidal DFB is a combinaproduce any number of undecimated directional subbands, but this tion of a Laplacian pyramidal and a DFB. Bandpass images from the decomposition is significantly overcomplete by a factor of 4K/3, Laplacian pyramid are fed into a DFB so that directional information where K is the number of orientations. The 2D complex wavelet with can be captured. The low frequency component is separated from the overcompleteness ratio of 4:1 has less redundancy than the Gabor directional components. After decimation, the decomposition can be transform and the steerable pyramid. The complex wavelet transform iterated with the same DFB in the lowpass band to form a pyramid can be designed to produce any number of scales but the number of structure. The contourlet transform provides a multiscale directional orientations can be up to six only.
decomposition. Figure l(c) presents the frequency decompositions
In this paper, we propose the use of the CDFB [13] for feature ex-by the contourlet transform with S = 3 and K = 8. Its redundancy traction in texture image retrieval application. The paper is organized ratio is less than 4/3 because the directional subbands are also as follows. In next section, three types of multidirectional transforms decimated. In the experiment, we use a contourlet transform with 3 including the Gabor wavelet, the contourlet and the steerable pyramid scales and 8 orientations at each scale for texture feature extraction. are briefly reviewed. In section III, the use of CDFB to represent Hence, the discrete contourlet transform decomposes an image into texture images is discussed. The procedure to retrieve texture images 24 directional subbands. directional subbands of a three-level decomposition.
Some properties of the CDFB are noted below. These attractive C. Steerable Pyramid properties are the motivations for the texture retrieval application.
Steerable pyramid [6] is another multiscale multi-directional rep-For detailed construction, properties and other potential applications resentation. The basic filters are translations and rotations of a single of the CDFB, the reader is referred to [13] . function except for the inner lowpass subband and the outer residual . Shift-invariance. There is no aliasing in the decimated complexsubband. Furthermore, a filter at any orientation can be computed as a valued signals which means that the CDFB is a shift-invariant linear combination of the basic filters. The image is decomposed into decomposition in the energy sense [6] . one decimated lowpass subband and a set of undecimated directional . Multiscale and multidirectional transform with high angular subbands. This decomposition is iterated in the lowpass subband.
resolution. The CDFB can provide a flexible representation in Thus the steerable pyramid is constructed as a recursive pyramid.
both multiresolution and multidirectional. The number of scales Because the directional subbands are undecimated, there are 4K/3 can be increased by re-iterating the pyramid. Furthermore, the times as many coefficients in the representation as in the original directional selectivity of the CDFB can be increased arbitrarily image. In the experiment, we use 3 scales with 8 directions. Therefore and adaptively. This is in contrast with other directional decomthe input image is decomposed into 24 directional subband outputs.
positions including the Gabor wavelet and the steerable pyramid . Efficient implementation. The two DFBs in the CDFB structure III. COMPLEX DIRECTIONAL FILTER BANK are realized by a binary-tree structure using one prototype twochannel FB. Moreover, the prototype FB can be implemented The shift-invariant complex directional pyramid (CDFB) is a new very efficiently by the ladder structure, which requires only 1-D image decomposition, which is recently proposed in [13] . The image filtering. It is noted that many other shift-invariant directional transform, shown in Fig. 2 dual DFBs. Both DFBs are constructed by a binary-tree of two-. Low-redundant ratio. For feature extraction in the texture rechannel fan FBs. The filters of these FBs are designed to have special trieval application, the overcomplete ratio of the CDFB is phase functions so that the overall directional filters of the dual bounded by 8/3, whereas those of other shift-invariant direc-DFB are the Hilbert transforms of the corresponding filters in the tional decompositions such as the Gabor wavelet and the steerprimal DFB. Therefore, the two DFBs can be viewed as a single FB able pyramid increase linearly with the number of directional with complex directional filters producing complex subbands images, subbands. whose real and imaginary parts are the outputs of the primal and Each image from database used in our experiments is decomposed and (ii) the two lowpass filters G(z) and F(z) in the pyramid by the Gabor wavelet, the discrete contourlet transform, the steerable have bandpass regions restricted in [-<r2, <r212, V. CONCLUSION The CDFB has been used in the texture retrieval application. It C. Distance measure and query processing has several attractive properties such as multiscale, multi-directional Query pattern is any one of the 1600 patterns from the image and shift-invariant that capture orientation information. In comparison database. For each query, a feature vector is calculated as described to the existing directional transforms including the Gabor wavelet, in (9). Let f, and fy be two feature vectors. The distance between the contourlet and the steerable pyramid, the CDFB consistently them is defined by yields the best overall performance in texture retrieval rate. While keeping competitive retrieval performances, the CDFB also has a The low redundancy makes the CDFB more efficient in searching where a(mk) and a(ok) are the standard deviations of mk(.) and and browsing texture images. Zk(.) of the entire database, and a and b are two positive constants.
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